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Abstract 
Fire is a key component of the African savannas. Because of its ecological role in controlling vegetation patterns park 
managers use fire to promote habitat diversity. We analyzed the spatio-temporal distribution looking at the fire 
occurrence and intensity. We considered nearly 750 African protected areas (PAs) and their 25km buffers. We based 
our analysis on the MODIS active fire product using the Fire Radiative Power (FRP) to study the fire intensity. Our 
results showed similar fire densities in the PAs and their buffers, but a higher fire intensity inside the protected areas. 
Mid or late season fires prevailed with higher FRP than the early fires. The average FRP in the PAs ranged between 
10MW and 400MW during the whole dry season, with an average of 50MW over all PAs. The ‘Shrubland’ and 
‘Grassland’ land-covers registered the highest FRP values. 
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1. Introduction 
Ecosystems of sub-Saharan Africa have regular burnings that occur with nearly annual frequency in 
several eco-regions [1]. Burning is strongly related to human activities but it also has an important 
ecological role in the savannah ecosystem. Fire contributes to keep the natural balance between the 
herbaceous and the woody vegetation types [2, 3, 4] with positive effects on habitat diversity. For these 
reasons park managers often include prescribed burning in their conservation programs [5, 6]. We 
analyzed the fire activity inside and outside African protected areas to highlight differences/similarities 
between them. We used the MODIS active fire product, MODAPS Collection 5 [7] which provides 
information on the location, time and intensity of the fires (Fire Radiative Power, FRP). We characterized 
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fire timing as early, middle or late depending on the period of the dry season in which fire occurred. We 
assessed fire intensity at different moments of the dry season to understand their relation. Studies 
conducted in the Kruger National Park showed that high intensity fires are likely to happen late in the dry 
season due to the lower moisture content of vegetation [8]. To verify these findings we assessed fire 
intensity in different moments of the dry season, at continental level. Fire intensity was determined using 
the Fire Radiative Power (FRP). The FRP is a measure of the energy released during the combustion 
process [9, 10] and refers to the amount of burned biomass as well [11]. It is therefore very useful to 
characterize fires and understand their effects on vegetation.  
2. Material and Method 
2.1. Satellite products 
MODIS active fires were used to identify the timing and the seasonal patterns of burning. The 
MODAPS dataset was provided by the Fire Information for Resource Management System (FIRMS) [7]. 
The dataset is based on four daily acquisitions; the FRP is reported for each active fire event. The FRP 
corresponds to the amount of radiant energy released during the burning process and it is expressed in 
MW. We used this physically-based information to quantitatively assess the fire intensity. Data were 
processed to derive information on fire activity over the periods of the dry season (described in session 
2.2.), the PAs, buffers and vegetation types. 
2.2. Study periods 
A typical dry season in Africa lasts around six months with duration and timing depending on the 
location. In general terms the Northern hemisphere dry season goes from October until March, whereas in 
the southern part it occurs from May until October. We defined the dry season using the rainfall data 
provided by the Famine Early Warning Systems Network, FEWS NET [12]. The dataset has a 10-days 
(decade) time step over a grid of 8km resolution. For each protected area and buffer the specific start/end 
of the dry season was determined in order to allow comparisons between the dry seasons of areas at 
different locations. The dry season was established to start when at least five consecutive decades showed 
an average rainfall value lower than the average decadal precipitation over the year. When this condition 
was not fulfilled anymore the dry season ended. For the analysis we further divided the dry seasons into 
three periods, each one corresponding to one third of the dry season duration.  
2.3. Study sites: Protected Areas 
We considered 744 protected areas (PAs) and the corresponding buffer zone of 25km around each of 
them. They are distributed over Sub-Saharan Africa and have latitude below 20N. We compared the fire 
dynamics between the PAs and their 25km buffers to identify their differences or similarities. The 
protected areas (PA) considered in our study have levels of protection between class I and IV of the 
IUCN categories [13]. The first two classes (I and II) refer to areas where conservation objectives aim at 
preserving the habitats in their original conditions. Classes of protection III and IV adopt conservation 
plans that involve active interventions for the maintenance of the habitats and promote nature 
conservation. PAs and their buffer zones are shown in Fig. 1 together with the eco-regions they belong to.  
Our analysis considered the eco-regions since they represent a variety of ecosystems with different 
vegetation and climate. A description of the eco-regions is provided by White [14]. 
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Fig. 1. Protected areas (light yellow) and 25km buffer zones (red). White eco-regions [14] are shown in the background.     
2.4. Land cover classes   
We studied the fire occurrence and intensity in different vegetation types in order to understand how 
the fire events were distributed in the major vegetation classes, and if fire intensity changed depending on 
the vegetation type. We used the Global Land Cover 2000 (GLC2000) as a reference map [15]. The 
original 27 classes have been reclassified into four major categories: forest, shrubland, agriculture and 
grassland; a non-burning class was also created for land cover types like cities, deserts and water bodies. 
The new land cover categories were defined as follows:  
1. Forest: Closed evergreen lowland forest, Degraded evergreen lowland forest, Submontane forest 
(900 -1500 m), Montane forest (>1500 m), Swamp forest, Mangrove, Mosaic Forest / Croplands, Mosaic 
Forest / Savanna, Closed deciduous forest; 2. Shrubland: Deciduous woodland, Deciduous shrubland with 
sparse trees, Open deciduous shrubland; 3. Agriculture: Croplands (>50%), Croplands with open woody 
vegetation, Irrigated croplands, Tree crops; 4. Grassland: Closed grassland, Open grassland with sparse 
shrubs, Open grassland, Sparse grassland, Swamp bushland and grassland. 
3.  Analysis 
We considered the fire season 2007-2008. MODIS active fire data were taken from September 2007 to 
September 2008 to include a full fire season for both north and south African hemispheres. Our data 
analysis consisted of a temporal and spatial characterization of the fire activity, in the protected areas and 
their buffers, the four major vegetation types, during the three periods of the dry season (early, mid, late). 
Fire counts were normalized by the surface of the PA, or the buffer, in which they occurred to allow 
comparisons between our study areas. We expressed fire counts as a fire density indicating the number of 
fire pixels per 1000 ha. For the comparison between PAs and buffer we derived a fire density ratio (i.e. 
fire density in the PA/ fire density in the buffer). FRP values were derived as averages by land cover type, 
period or eco-region to show the general trend over the PAs and buffers. The averages of the FRP were 
determined dividing the total FRP, over a certain PA (or buffer), by the corresponding fire counts. As for 
the fire density, we expressed the averaged FRP as a ratio between the values in the PA and the buffer to 
make a comparison. 
4.  Results 
4.1. Fire occurrence in the study sites 
The distribution of fires in the PAs was considered during a complete fire season (2007-08). The 
analysis of the fire density in 16 eco-regions showed a balanced distribution of the fire events between the  
Afromontane
Cape
East Malagasy
Guinea-congolia/Sudania
Guinea-congolia/Zambezia
Guineo-congolian
Kalahari-highveld
Karoo-namib
Lake Victoria
Mediterranean
Mediterranean/Sahara
Sahara
Sahel
Somalia-masai
Sudanian
Tongaland-pondoland
West Malagasy
Zambezian
Zanzibar-inhambane
ECO-REGIONS
I. Palumbo et al. / Procedia Environmental Sciences 7 (2011) 26–31 29
PAs and the buffers (Fig. 2 a. and b.). The protected areas had lower fire density in the eco-regions: 
Guineo-Congolian, Guineo-Congolian-Zambezia, Guineo-Congolian-Sudania, Zambezian, Karoo-Namib, 
East and West Malagasi. 
Fig. 2. Fire density ratio of the protected areas (PAs) and their buffer in the eco-regions.during the whole dry season a) and in the 
three periods of the dry season b).           
The Zambezian and Sudanian eco-regions are known to contribute significantly to the overall fire 
activity in sub-Saharan Africa [1]. In our study they showed opposite behavior with higher fire density in 
the PAs (than the buffers) of the Sudanian eco-region and lower fire density in the PAs (than the buffer) 
of the Zambezian eco-region. Grégoire and Simonetti [16] found similar results for PAs of Western and 
Central Africa.  
4.2. Fire intensity  
The FRP values were used to assess the fire intensity. We observed an average FRP of 50MW over the 
entire fire season, indicating a low burning intensity. Fire counts were binned in FRP classes going from 
50 to 1000MW. Between 55 and 70% of the total fire events, in each land cover type, fell in the 50MW 
class. Around 20% of the fires of all vegetation types showed FRP values up to 100MW, except for the 
‘Forest’ class. ‘Shrubland’ and ‘Grassland’ land covers were the only ones with 10% or more of their fire 
events in the FRP class 200MW. This showed the important role the grass layer has to develop high 
intensity fires, as typically tall grass is very flammable and is more abundant in these two land cover 
types.  
Fig. 3. The Fire Radiative Power in the main vegetation classes. The relative percentage of fire counts is presented for FRP classes
going from 50 to 1000MW, by vegetation class.         
When we considered the fire intensity during the dry season we used the averaged FRP of all the 
protected areas in each period of the dry season (1, 2, 3). We observed an increase in the FRP values from 
the first to the last period in all the vegetation classes (Fig. 4). This showed that the later the fire occurred 
a)      b) 
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in the dry season the higher was the fire intensity. The highest values were reached in the ‘Shrubland’ 
land cover with an average FRP up to 35MW during the third period of the dry season.      
Fig. 4. The mean FRP values for all the PAs in the four vegetation classes, during the three periods of the dry season (1, 2, 3).  
Overall the FRP values were higher inside the PAs than in their 25km buffer, for most of the eco-regions. 
The FRP shown in Fig. 5 was derived as the ratio of the average FRP in the PAs and the buffers. This 
trend indicated, as expected, that larger amounts of fuels were available to burn inside the protected areas 
than outside, resulting in more intense fires. The lower fuel availability in the buffer areas could be due to 
higher landscape fragmentation, which reduces the possibility of fire spread, and the presence of human 
activities, like wood collection, agriculture and livestock farming, which strongly limit the fuel load and 
therefore the fire intensity.  
Fig. 5. Ratio of the average FRP in the PAs and the buffers distributed by ecoregions in the three periods of the dry season (period 1: 
early, period 2: mid, period 3: late dry season). 
5.  Conclusions 
In our study we considered the fire activity and its intensity using the MODIS active fire product 
(MODAPS collection 5). We derived the fire density inside and outside the protected areas over the 
African continent. Statistics were derived by eco-regions in order to compare the fire activity under 
different conditions of vegetation and climate. The dry season was divided into three periods with equal 
duration to assess fires along a gradient of weather conditions, which usually become drier and hotter 
later in the dry season. The temporal characterization showed similar fire densities between the PAs and 
the buffer areas. On the contrary clear differences were observed in terms of their fire intensity. The FRP 
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values were higher inside the protected areas than outside, in the majority of the eco-regions. This can be 
related to the higher fuel load inside the PAs, as a consequence of the limited human activity, and also to 
the lower fragmentation in the vegetation cover, which supports fire spread. Our results showed that 
climate and land management are key factors in the fire activity and intensity of Sub-Saharan Africa. This 
study also highlighted the importance of using the FRP to characterize fire, since differences between the 
protected areas and their external buffer only became apparent with the analysis of their fire intensity. 
Further research can be done including information on the area burned which can inform on the fire 
effects on vegetation. Improving our understanding of the factors controlling fire intensity will be crucial 
for the correct management of the ecosystems, and the effective plan of prescribed burning.   
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